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Overview

e Motivation
e Dark Little Higgs Models

e Next to Littlest Higgs
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Little Higgs Models

e Non-linear sigma model w/ collective symmetry
breaking

e New states cancel quadratic divergences
e teT

o W/Z—-sW'/Z

e EWSB induced from top loop contributions to
Higgs mass
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Littlest Higgs Model

e (Constraints
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Littlest Higgs with T-Parity

e EWPO relaxed
e Light Higgs limits DM viability
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Dark Little Higgs

e Question: Can we resolve (some of) the
constraints on the Littlest Higgs and introduce
dark matter, all without introducing T-parity?

e (Claim: Yes.
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Dark Little Higgs

o Little Higgs-ing the Inert Doublet Models

e Separate W'and T masses
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Dark Little Higgs

o Little Higgs-ing the Inert Doublet Models

e Separate W'and T masses: TR
e Introduce second coset space

® Gyx/Hx breaking at scale f

® Gu/Ha breaking at scale F (>f)
e Both global symmetries gauged the same

® fermions transform only under Hy

e Mw2 ~ Const. (f2 + F2) M+2 ~ Const. (f2)
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Next to Littlest Higgs

e SU(5)s/SO(5)x SU(5)a/SO(5)a
0 h'/v2 ¢ 0 E/2 !
s = |h/2 0  hN2| +(Q3- Qv My, = |&2 0 EN2|+Q5-Qj)ad
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Next to Littlest Higgs

e Add to scalar kinetic terms

2 2
L = %Tr[(DMZ)( D43)T ]+ %Tr[(DMA)( D*A)T]

e Yukawa interactions unchanged

1 o
Ly = 57\.1 fEijk Exy Xizjx Zky U/3C + Aof tt“ + h.c.

e Coleman-Weinberg potential
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Dark Matter Mass Splitting

V. = uslHq > + ui|Ho|? + A |Hq " + Aa|H |
+ As|H1[2[H2? + Aa|HIH > + AsRe[(H H,)?]

® Asterm not generated from CW potential

® Txa=nyDiag[1,1,0,0,0] + n, Diag[0,0,0,1,1]

* Need AM¢ > few hundred keV, so Asa small
(Axa=0.02 = AM¢ ~ few GeV)
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Phenomenology of NLH

e Sample spectrum
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Phenomenology of NLH

e Oh2=0.1189 (Planck results) N n———

e Monte Carlo parameters & use MicrOMEGAS
e 130k parameter sets:
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Phenomenology of NLH

* Fix all parameters, vary f & KZA
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Summary

e New class of Little Higgs models
e Motivates Inert Doublet models

e Can account for full relic abundance with
~500 GeV dark matter

e Relax precision constraints
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Thank youl!

e Acknowledgements:

e Heather Logan
e Thomas Grégoire
e David Morrissey
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Backup Slides
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Littlest Higgs Model

e SU(5)/SO(5), breaking at scale f ~ O(TeV)
e Gauge [SU(2)xU(1)]

® One loop log: u? h2

) A, A? 3 5 2 A? 22 A? 302 A?
= M{log—= + 3g°My, lo + g My lo — —m7 log—

e New particle content:
e \ectorquark-T
e Gauge partners - An, Zn, WH*

® Scalars - 09, ¢*, ¢**
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Littlest Higgs with T-Parity

e [-Parity: Z; symmetry g1 =0Q2 g1'=92’
e T[-Even:
o H, W+ Z v, u/d/e/v,Q;

e T-Odd:
* 0, Wyt Zn, An, Q-

e Triplet vev forbidden
e Avoid precision constraints from Wy/ZH
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Positive Singlet Mass

e Ms2 <0, leads to singlet vev (bad!)

e [ntroduce new term:

Vo = M F*TrTa(A — Ag)Ta(A = Ag)]

e T,=Diagl0,0,1,0,0]
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